The influence of the second-approximation effects of laminar boundary layer theory on the heat transfer in three-dimensional hypersonic flow over blunt cones with a large aspect ratio is investigated numerically .
The influence of the second-approximation effects of boundary layer theory in the neighborhood of the stagnation point was first investigated in detail in [1] . In that study the principal second-approximation effects caused by the terms of order O(Re "2 ), which are not involved in the Prandtl equations, were identified . It was noted that the effects of entropy layer absorption by the boundary layer predominate over all the other second-order effects . In [2] it was shown that the contribution of the entropy layer absorption effect to the heat flux on the surface of an orbiter can reach 50% . The entropy layer absorption manifests itself at large distances from the bluntness . Various approximate approaches were developed for taking the entropy layer absorption into account within the framework of the classical Prandtl model for bodies with a large aspect ratio . These approaches involve both analytical studies of the problem and various engineering methods based on taking the vorticity on the outer edge of the boundary layer approximately into account (see, for example, [3] [4] [5] [6] [7] ) .
The system of equations of the complete viscous shock layer contains all the terms of the complete Navier-Stokes equations which contribute to the second approximation of boundary layer theory and makes it possible to determine with quantitative accuracy their total contribution . In study [8] the influence of the effects in question was determined for hypersonic axisymmetric flow over blunt cones with a large aspect ratio . It was found that the entropy layer absorption effect can lead to substantial changes in the heat transfer and friction coefficients (by up to 100%) in the zone of intense absorption, as compared with the results for the first-approximation boundary layer (classical theory) . It was noted that cooling the surface of the body leads to a decrease in the influence of the entropy layer absorption effect . The applicability of approximate methods of taking the entropy layer absorption into account was studied in [3] [4] [5] [6] [7] . In [9] the contribution of the second-approximation effects of boundary layer theory was investigated in the case of axisymmetric air flow over blunt bodies assuming equilibrium dissociation and ionization reactions in the shock layer .
In the present paper the combined influence of the second-approximation effects in three-dimensional unseparated flow over long blunt cones is investigated . In contrast to [8], here we shall investigate a three-dimensional flow . The solution over the entire domain between the surface of the body and the surface of the shock wave, including subsonic flow regions, is found in a unified manner using a numerical method based on global iterations [10] .
L FORMULATION OF THE PROBLEM AND METHOD OF SOLUTION
We will consider an unseparated flow over long blunt cones at small angles of incidence . In order to describe the gas flow between the surface of the body and the surface of the shock wave we use the system of three-dimensional viscous boundary layer equations, which contains all the terms of the complete system of Navier-Stokes equations up to and including the terms of order O(Re'I2) . We write this system of equations in an orthogonal coordinate system moving with the surface of the body in the usual way (x is the length of body contour generator, y is the distance to the surface of the body along the normal, and p is the meridional angle reckoned from the spreading plane) [ Here, u, v, and w are the physical components of the velocity vector in the x, p, and y directions ; R(x, p) is the radius of curvature of the body surface; Re_ is the Reynolds number -, x(x, p)=1/R(x,~) is the curvature of the surface of the body; a is the Prandtl number; H1 and H2 are the Lame coefficients ; a is the angle of inclination of the generator of the body to the axis of symmetry; r is the distance from a point on the surface of the body to its axis .
In the system of equations (1.1) the quantities are nondimensionalized as follows: the velocity vector components have been divided by the free-stream velocity V, the pressure P by p_V=, the total enthalpy H by H~ and the quantities having the dimension of length by the bluntness radius R(0) .
In the case of a perfect gas the viscosity coefficient µ is assumed to be a known function of the absolute temperature T. In the calculations we used Sutherland's formula .
The system of equations (U) is closed using the following boundary conditions . On the shock wave, considered as a surface of a strong discontinuity, the generalized Rankine-Hugoniot conditions are imposed [12] . In the coordinate system (x, p, y) these conditions have the form : Here, the subscript s denotes the quantities behind the surface of the shock wave ; V_(i), i =1, 2, 3, are the free- 
